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TlnegrowthandnitrificationactMtiesofMZmso川o"dｕｓｅ"'ＤＰα〃ａ肥generalｌｙｖｅｌｙ
ｌｏｗｌａｎｄｔｌｎｉｓｓｔｅｐｈａｓｂｅｅｎrate-limitingthemicrolDiologicalnitrificationand
denitrificationprocessesofammoniumions・Inthepresentstmylacultivationmetlnod
toincreasethenitrificationactMtyaccompaｎｙｉｎｇｔｈｅｇｒｏｗｔｈｏｆ凡ｅ〃〃dueawas
attemptedasfⅢＣＷＳ．AftertheoxidationofnitritetonitratebyMZ'りbduc蛇７
Ｗ伽gMdZF灯iwascarrMout,thecultureliquidwasrecoveredbycentrifilgation,and
aceticacidwaMddedtoitaMcarIbonsource・ＰＵＪＭＭ伽血"jE'2/加川wasinoculaM
intotllecultureliquｉｄａｎｄｃｕｌｔｉｖａｔｅｄｓｏａｓｔｏｃｏｎｓｕｍｅｔｌlenitrateandaceticacid
completely6SulDsequentlD',ｔｈｅcultureliquidwaMecoveredbycentrifnlgationandafter
ammoniumsulfntewasaMedtothecultureliquid，凡例'ＤＰdMJwasgrownontlle
cultureliqIui｡、Onthebasisofthisprocedure,highnitrificationactMtyaccompanying
thegrowthofjMe"'Dpaeawasattained．
efectively・Ibincrcasethegrowthactivity
ofthebacteriarelatedtothenitrification,it
isnecessalytodevelopamethodsoasto
obtainahighlyconcentratedcultureliquid
ofactivecells・Thefbllowmgprocedure
wasperfbrmedasacultivationmethodto
increasethenitrificationactivity・First，
aftertheoxidationofnitriteionsｔｏｍｔｒａｔｅ
ｉｏｎｓｂｙｌＷｏ６ａｃ〃ｗｊ"og7w小AEyjwas
carriedout,thecultureliquidwasrecovered
bycentrifilgation,ａｎｄａｃｅｔｉｃａｃｉｄｗａｓａｄｄｅｄ
ｔｏｉｔａｓａｃａrbonsource．PaMcocczJs
clb"j"抗cα"swasinoculatedintotheculture
liquid，andcultivateduntilthenitrateions
andaceticacidwerecolnpletelyconsunled・
Subsequently，thecultureliquidwas
recoveredbycentrifUgation，andafter
anⅡnoniumsulfatewasaddedtotheculture
LIntroduction
ltisveryimportantfbrtllenitrogencycle
innaturetoincreasetlleactivityofthe
nitrificationanddenitrificationprocesses・
Inparticular，thenitrificationofinorgamc
nitrogeniscalTiedoutbynitriteandnitrate
bacteria,anditiswellknownthatsincetlle
growthactivityoftllesebacteriaisverylowう
theactivityistherate-limitingstepofthenitrificationanddenitrificationprocessesl~3)．
Thetreatmentofsewagebyactivated
sludgeisbetterthanthatbytlle
physicochelnicalmethodfiPomtlleviewpoint
ofenergyconsumptionandsecondary
environmentalpollutionTherefbre，itis
veryimportanttllatthenitrificationprocess
bymicrooIgamsmsisstableandhigmy
activetoremoveinorganicnitrogen
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liqUid，ノＶｅｚＪｍｐａＭｗａｓｇｒｏｗｎｏｎｔｈｅ
ｃｕｌｔｕｒeliquid
Ｔｈｅｗｏｒｋｉｎｇｖｏｌｕｌｎｅｗａｓ５００１ｎｌａｎｄｔhe
initialcellturbiditywasO・Sffomthe
absorbanceatawavelengｔｌｌｏｆ５４０ｎｌｎＡｉｒ
ｆｆｏｍａｎａｉｒｃｏｍｐｒｅｓsorwashumidifiedbya
waterreservoirafterpassingthroughanair
filteLThehulnidifiedairwassUppliedto
thebioreactor・Thecultivationtemperature
was２８℃、Theairinthebioreactorwas
releasedthroughagasoutlet・Thesample
liquidwasremovedbypassingthrougha
microtubepulnpviaacelltrappingfilter
attachedtoonｅｅｎｄｏｆｔｈｅｔｕｂｅａｎｄ
ｒｅｃｏｖｅｒｅｄｔｏｔｈｅcollectorattachedtothe
otherendofthetube・ThesaInpleliquid(５
，１）wastakenatthebeginningofthe
cultivationandthenat24hintervals・The
concentrationofnitriteionsandnitlateions
waslneasuredwithanioncllrolnatograph
(DIONEX2000i/sp)，andthepHoftlle
cultureliquidwasalsomeasuredatthesame
tilne・Oncethenitriteionsintheculture
liquidwereconsulnedconlpletely，tlle
cultureliquidwascentrifilgedasepticallyat
lOOOxgfbr30min，andthecellswere
recoveredThedryweightofthecellsat
thebeginningandtheendofcultivationwas
measuredusingsolneoftherecoveredcells，
theremainingcellswerewashedwithsalme
solution（0.85％NaCl）andstoredat-80℃
afterglycerinwasaddedtothecell
suspensiontoaconcentrationof２０％・
Aftercentrifilgation,ｔｈｅｓ叩ernatant,which
containednitrateions，wasstoredinthe
reffigerator，andlaterusedtocultivatePI
cノセ"iか抗Ｃａ川．
2.Experimental
lntheprelimmalytest，ｗｈｅｎｏｎｌｙ
Ｍ〃so川o"αsezJmpaeawascultivated，it
wasverydifficulttoincreaseitsgrowth
activity，andtheoxidationofannomum
ionsdidnotoccursufficientlyTherefbre，
thefbllowmgprocedurewasperfbrmed・
First,Ｍ〃6αc〃ｗｊ"ogMcZDbilFO14297
wascultivated、Thecultureliquidobtained
afterthecultivationwasusedtocultivate
PaMcoc伽６ｌｂ"ｊ"抗camIFO14907、
Subsequently,tlliscultureliquidwasusedto
cultivateM伽so川o"ｍｅ"mpaeaIFO14298
Thecultivationcharacteristicsandthe
increaseinthegrowthactivitywere
examined．
Z-1CultivationofjVwj"ｗａｃＭリノj
Theculturemediulnshowninmblel
wasusedtoincreasethegrowthactiｖｉｔｙｏＭ：
Ｍ"ogMcZSbﾉﾉ．Thepre-cultivationwas
carriedouｔａｔ２８℃withshaking（l00
strokes/min)andrepeatedseveraltimesby
inoculatingthegrowthcellsintothesarne
fieshculturemediumThecellsobtained
consumedthenitriteionscompletelywithin
tllecultivationperiod、Usingthecellswith
suchhighactivity,themaincultivationwas
carriedoutwiththesameculturemediulnas
fbllows．
TablcLComponcntsoftheculturcmcdiumfbrcultivating
Mjrob(WwmOg7mMﾘﾉjlFOl4297
Ａ）
NaNO20859/l
NaHCO3053
K2HPO4050
KH2PO4050
NaCｌＯ２０
Ｂ）
CaＣｌ(2H20）
MnSO4(4H20）
M9SO4(7H20）
CuSO4(5H20）
Fe(Ⅲ)EDTA
2-2CultivationofRclb"か抗Ｃａ川
ＴoincreasethegrowthactivityofR
c！と肱坑cα"s,theculturemediumshownin
nuble2wａｓｕｓｅｄＴｈｅｐｒe-cultivationwas
carriedoutat２８℃fbr3dayswithshaking
(100strokes/min)．Attheendof
cultivation,thecells，whichwererecovered
bycentrifilgation(10000ｘ９，２０ｍin),were
washedasepticallywiththesalmesolution
Themaincultivationwasperfbrlnedinthe
bioreactordescribedabove・Ｔｈｅｃｕｌｍｒｅ
0.029/’
0.02
0.10
0.10,9/’
7.80ｍｇ
A)andB)wcrcprcparedscparatcly・Eachcomponcntin
B)wasalsoautoclavcdscparatclyThcinitialpHofculturc
liquidwasadiustcdto78．
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Tablc3，Componcntsofthcculturcmcdiumprcparcdby
modilyin8thCoulturcmediumindicatcdbylFO
Tablc2CoInponcntsofthccultur6mcdimfbrcultivatm8
PqiucocclMnjllIimilJTOl4907
Ａ）
(NH4)2SO4
NaCl
KH2PO4
Ｂ）
M9SO4(7H20)0369/｜
FeSO4(7H20)OO36
q
CaCO39.09/’
Polypeptone
Yeastextract
M9SO4(7H20）
５９/’
１
０５
0.69/’
0.36
12
TheinitialpHofcultulP61iqUidwasa(liustcdto70
medim(500,1)showninTnble2was
addedtothebioreactor．Thecell
turbiditywasOS・Theprocedmeafter
thebegimingofcultivationwasthesame
asthatdescribedinsection2-L
Thedenitrificationwasperfbmedas
fbllows Afteｒｔｌｌｅｓ叩ematant
containingnitrateionsdescribedin
section2-1wasfilteredwithaglassfiber
filter(GS-25),ＳｍｌｏｆｌＭａｃｅｔｉｃａｃｉｄ
ｗａｓａddedtothesupematant(500,1)．
ThesupematantwasadjustedtopH70，
loadedinalOOOmlErlemeyerflasｋ
(wolkingvolme:５００，１),andthehigh
growth-active2clb"ｊか抗cammentioned
abovewasinoculatedintothesupematant
Theanaerobiccultivationtodenitrificate
nitrateionswasperfbrmedat28℃ｗｉｔｈ
mildagitationThesampleliquid(5ｍl）
wastakenatthebegimingofcultivation
andthenat24hinteWals．The
concentrationofnitrateionsaｎｄｔｈｅｐＨ
ｏｆｔｈｅｓａｍｐｌｅｌｉｑｕｉｄｗｅｒｅｍｅasmed
Thecultivationwascompletedwhenthe
nitrateionswereconsmedcompletely・
Thecellswererecoveredasepticallyby
centrifilgation(10000ｘ９，２０ｍin)．The
completeconsmptionofaceticａｃｉｄｉｎ
ｔｈｅｓ叩ematantwasconfimedbyion
chromatography．Thedenitrificated
s叩ematant,whichwastentativelynamed
thedenitrificatedliquid,waSstoredinthe
reffigeratorandlaterusedtocultivateﾉＶ
ｅ"ｍｐａＭ．
Ａ),B)andC)wclcplcparcdscparatclyEach
compon6mmB)wasalsoautoclavedscp8ratcly、
ThcinitialpHofcultureliquidwasadiustcdto80
eL"qOpaeae,ｔｈｅｃｕｌｔｕｒｅｍｅｄｉｕｍｓｈｏｗｎｉｎ
ｍｂｌｅＳｗａｓｕｓｅｄＴｈｅｐｒｅ－cuItivation
wascarriedoutat２８℃fOr5daysinthe
shakingflask(S00mDwithshaking（l00
strokes/ｍin)．Thesampleliquid(５ｍl）
wastakenatthebeginningofcultivation
andatZ4hintervals・Theconcentration
ofnitriteionswasmeasuredbyion
chromatography・Atthecompletionof
cultivation，thecellswererecoveredby
centrifUgation（10000ｘ９，３０ｍin）and
washedasepticallywithsalinesolution
(0.85％ＮａCl)．Therecoveredcellswere
inoculatedintoaZOOOmlflask
containingtheculturemedium（1000ｍl）
ｓｈｏｗｎｉｎＴａｂｌｅ３，orthedenitrificated
liquidtowhichwasaddedadirected
concentrationofammoniumsulfate・
ThecellturbiditywasOS・Themain
cultivationwasthenbegunThesample
liquid（５ｍl）wastakenatthebeginning
ofcultivationandatZ4hintervals，and
theconcentrationofnitriteionswas
measuredbyionchromatography、Ａｔ
ｔｈｅｓａｍｅｔｉｍｅ，thepHandthecell
turbidityofcultureliquidwerealso
measuledThedryweightofthecellsat
thebegimingandtheendofcultivation
wasmeasuredusingsomeofthe
recoveredcel1s，theremainingceIlswere
washedwithsalinesolution（0.85％
ＮａCl)andstoredat-80℃afterglycerin
wasaddedtothecellsuspensiontoa
concentrationofZO96.Usingｔｈｅ
2-3CultivationofⅣ､ｅｚｲmpaeae
ToincreasethegrowthactivityofⅣ．
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recoveredcells，theconsumptionrateof
ammoniumsulfatewasexaminedThe
cultivationｗａｓｃａｒｒｉｅｄｏｕｔａｓｆｄｌｏｗｓ・
Theculturemedium（1000ｍl)shownin
Table3，orthedenitrificatedliquidto
whichwasaddedadirectedconcentration
ofammoniumsulfate，wasaddedtothe
threeflasks(2000ｍl)separatelyAfter
thebeginningofcultivationwithshaking
(l00strokes/ｍin)，thepHofculture
liquidwasintermittentlyadjustedto8､0．
Thesampleliquid(５ｍl)wastakenatthe
beまinningofcultivationandat別h
intervals,andtheconcentrationofnitrite
ionswasmeasuledbyionchromato‐
graphy・Thecultivationwascarriedout
Stimesbyrepeatingtheadditionofthe
recoveredcellstothefreshmedium
Theconsumptionrateofammonium
sulfatewasexamined・Usingthecells
thathadtheiractivityincreasedwiththe
aboveprocedure,theeffectoftheinitial
concentrationofammoniumsulfateon
theconsumptionrateofammonium
suIfatewasexaminedlnthiscase，the
pHofcultureliquidwasintermittently
adjustedto80．
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CulnvatXmumEtlay，
Ｆｉｇ．１．Timecourseoftheconcentrationof
nitriteionsandnitrateionsinthecultivationof
M〃6αc〃Ｍ"Og7mZFﾉbﾉﾉ．■；Nitriteions，●；
Nitrateions．
weightreachedthemaximum（Ｃａ３．８g
dlyweight/l-cultureliquid）in3daysof
cultivation・Thisvaluewasca70times
higherthanthatatthebeginningof
cultivatiｏｎＴｈｅｇｒｏｗｔｈｒａｔｅｏｆⅣ．
ｗj"ograc1M『yjwasextremelylow
comparedwithtｈａｔｏｆＰＭｂ"ｊか抗CMS、
SincePMノピ"ｊか坂cα川isakindof
heterotroph，theefTectofmethanolor
glucoseasacarbonsourceonthe
consumptionrateofnitfateionswas
examinedWhentheconcentrationof
eachsubsｔｒａｔｅｗａｓｈｉｇｈｅｒｔｈａｎｌＯｍＭａｓ
ａｆｉｎａｌConcentration，asufficient
consumpUonrateofnitrateionswas
attained（datanotshown)．Howevenif
thesupematantaftercultivationofR
血"jか坂cα川isusedasthecultureliquid
ofⅣ．即ｍｐａｅａ，noorganiccarbon
sourcesshouldbepresentintheculture
liquidsince凡ｅ"mpaeaisakindof
autotrophThelefore，Ⅳ．ｗｊ"og7伽AW
wasfirstcultivatedintheculturemedium
showninTableLwhichincreasedthe
growthactivity．Totherecovered
supernatant，aceticacidwasaddedtoa
finalconcentrationoflOmMUsing
thisasthecultureliquid,ＦＭ巴"ｊか域cα"s
wascultivatedNitrateions（800ｍｇ/l）
addedwereconsulnedcompletelyin
2.5~３daysofcultivation,thoughthepH
3.Resultsanddiscussion
3-1Cultivationof/Ｖｗｊ"ogracZsAﾌﾉｉａｎｄ
Ｒｃｊｂ"ｊかj/?cα"s
Figu１℃１ｓｈｏｗstheresultsofthe
cultivationofﾉV：ｗｉ"ogMcZSbﾉﾉ・In3
daysofcultivation，nitriteionsinthe
cultureliquidwereconsumedperfectly，
buttheconcentrationofnitlateions
reachedthemaximumThecelldry
weightreachedthemaximum(Ca､nOmg
dryweight/l-culmreliquid）inZdaysof
cultivation、Ｔｈｉｓｖａｌｕｅｗａｓｃａ２・Ztimes
higherthanthatatthebeginningof
cultivationOntheotherha､｡，inthe
caseofcultivationofR庇"ｊか域cα"３，the
cellturbidityreachedthemaximumin2
daysofcultivation,ａｎｄｄｅｃreasedslightly
after3daysofcultivationHoweven
thecelldry
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oftheculmreliquidincreasedffom7.0ｔｏ
8.0．Tllisindicatesthathighlyeffective
denitrificationoccurredThesupe砂
natantafterthecultivation，whichwas
tentativelynamedthedentrificatedliquid，
wasusedtocultivatejV:ｅｚ"Opaea．
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1-J3-2ComparisonofcultivationofjV
e"mpaeawithdifferentcultureliquids
ThecultureliqUidusedtocultivate/V：
c〃叩aeawaseitllerthatshowninTHble
３orthedenitrificatedliquidadded
anⅢnomumsulftIte、Figure2showstlle
resultsofcultivationwitllthe
denitrificatedliquidaddedanⅡnomum
sulftIte・Thecellturbidityreachedca、
7.6timesthatoftheinitialin2・Sdaysof
cultivationln3daysofcultivation,ｉ､e，
thefinishofcultivation，ｔｈｅｃｅｌｌｄｒｙ
ｗｅｉｇｈｔｗａｓｃａ３５５ｍｇｄｒｙｗeight/l‐
cultureliquid(Ｃａ､６．６timesoftheinitial
celldryweight)．ThisindicatesthatjV
e"mpaeahavinghighgrowtllactivity
wasobtained・Theresultsofcultivation
withthecultureliquidshowninTnble3
werenotshownasthecellturbidityand
thecelldryweightcouldnotbemeasured
’’’一
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Fig.３．EffectofdifTerentcultureliquidsonthe
productionofnitriteionsfTomammonium
sulfatebyM伽so"o"ｃｚＤｅ"ｍｐａｅａ、InitialpHof
thecultureliquidwasａｄｊｕｓｔｅｄｔｏ８０．▲；
Denitrificatedliquidascultureliquid，■；
Mediuminnble3ascultureliquid．
differentcultureliquids・Theproduction
rateofnitriteionsappearedtobehighin
tllecaseofcultivationwiththe
demtrificatedliquidaddedanⅡnonium
sulhte、UsmgthecellsobtainedfiDm
thiscultivation，acompletecultivation，
tllatis，ａｎⅡnoniulnionswereconsumed
completeｌｙｉｎｔｈｅｅｖｅｒycultivation,ｗａｓ
carriedout5tilneswithfieshculture
liquidlnthethirdcultivation，the
consumptionrateofanⅡnoniumsul伽e
reachedthenlaximum，andwas
maintainedatthislevelaftertlletllird
cultivation(datanotshown)．Figure4
showstheconsumptionrateof
ammoniumsulmteinthedifferentculture
liqUidswiththecellsrecoveredafterthe
tllirdculti▽ationTherateappearedto
bemghinthecaseofcultivationwiththe
denitrificatedliquidaddedannonium
sulmte・Figu肥Sshowstheeffectofthe
initialconcentratiｏｎｏｆａｍｍｏｎｉｕｍｓｕｌｈｔｅ
ｏｎｔｈｅｉｎｉｔｉａｌconsumptionrateof
ammoniumsulfate、 Whentlle
ammoniumsulhteconcentrationwas
higherthan6000nlg/Ltheratereacheda
!．
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accurately、Becausethecultureliquid
containedalargequantityofsolidCaCO3・
Figu肥３showstheproductionofnitrite
ionsfiPomamnoniumsul伽ｅｂｙｕｓｉｎｇ
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１１ｎＭＭｇＣｌ２ｏｒ５ｘｌＯ~５mMAIPto
fiagmentsofthecellbodiesactivatedthe
oxidationofannoniaandhydroxyl-
amineThecauseofhighnitrification
andgrowthactivitiesinthepresentsmdy
maybeduetotheactivationoftlle
metabolicpathwayoftheoxidationof
amnoniumionsonthebasisofakindof
activatorinthedenitrificatedliquid．
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CultiWntipntin1B(｡良､y）
Fig.４．Ｔｉｍｅｃｏｕｒｓｅｏｆｔｈｅｃｏｎｓｕｍｐｔｉｏｎｏｆ
ａｍmoniumsulfateindifferentculmreliquidsby
/V：ｅｚＪｍｐａｅａ・Ｔｈｅｓｙｍｂｏｌｓｉｎｔｈｅｆｉｇｕｒｅａｒｅｔｈｅ
ｓａｍｅａｓｉｎＦｉｇ３．
4.Conclusion
lthasbeenreportedthatthegrowth
activityofjV：ｅ"mpaeaisgenerallylow
Intllepresentstudy，thesupernatantof
thecultureliquｉｄｏｆｊＶｗｊ"o〃αcZMEyjwas
usedasthecultureliquiｄｏｆＲ
ｃｊｂ"か鋺cα川withtheadditionofacetic
acid・Whentllesupernatantobtained
aftｅｒＲｃｊｂ"か抗cα"ｓｗａｓcultivated,ｉ､e、
thedenitrificatedliquid，wasusedto
cultivate/V:ｅ"mpacawiththeadditionof
annonlumsulfate,tllegrowthactivityof
jV：ｅ"mpaearnarkedlyincreased・
HoweveLthecauseoftheincreaseinthe
activityremainsuncleaL
plateau、Therateappearedtobehighin
thecaseofcultivationwiththe
denitrificatedliquidaddedanⅡnomum
sulmte・Thecauseoftheincreaseinthe
activityrelnainsunclear・Ontheother
hand，TokuyamaT、ａｎｄＫ・Asano
investigatedtheeffbctofadditiveson
anunoniaPoxidativｅｓｙｓｔｅｍｓｏｆｊＶ
ｃ"ｍｐａｅα4),andfbundthattlleadditionof
Ｓ⑧｡
食遷一勘旦聖哩冨冒蔓る臼員
ち毎．二二国蕩賞ご』◎凹圏一畳冒一
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Fig.５．Effectoftheinitialconcentrationof
ammoniumsulfateontheinitialconsumption
rateofammoniumsulfatebWVe"mpcJea・me
directedconcentrationofammoniumsulfatewas
addeｄｔｏｔｈｅｃｕＩｍｒｅｌｉｑｕｉｄＴｈｅｓｙｍｂｏｌｓｉｎthe
figurearethesameasinFi9．３．
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